Abstract. Short synthetic approaches to a range of monosubstituted BEDT-TTF derivatives are described, via either cycloaddition reactions of 1,3-dithiole-2,4,5-trithione or nucleophilic substitutions of 2-thioxo-1,3-dithiole-4,5-dithiolate, followed by reaction with mercuric acetate and then coupling in the presence of triethyl phosphite. BEDT-TTF derivatives with hydroxy-and amino-functionalised side chains have been prepared with the functional group protected. Deprotection and further reactions opens up potential for attachment to groups bringing additional bulk properties, e.g. groups such as pyridine and 2,2'-bipyridine for binding magnetic metal ions, and electropolymerisable groups such as thiophenes and pyrroles. Preparation of BEDT-TTF's carrying carbonyl functionalities are also described. Strategies for preparing polysubstituted donors are discussed.
INTRODUCTION
The radical cation salts of BEDT-TTF and related molecular systems have been extensively studied, and have provided examples of chiral Fermi liquids and Quantum Hall effects [1] , unconventional forms of superconductivity [2] and the modulation of electrical properties by a magnetic field [3] . However, there have been only a few reports on the preparation of substituted BEDT-TTF derivatives, and their radical cation salts have not been intensively investigated. Particular examples are the chiral tetramethyl molecule [4] and the tetraethyl case [5] which is a mixture of steroisomers. However, a substituent on a side arm can provide extra interactions with the anion in the radical cation salt, e.g. by hydrogen bonding, or allow the attachment of further molecular units to produce bifunctional materials. We have reported earlier on the first syntheses of racemic and enantiopure hydroxymethyl-ET [6] , as well as on ring expanded hydroxy substituted cases [7] . Here we report on progress on the synthesis of BEDT-TTF derivatives carrying hydroxy, amino and carbonyl functionality, and show how these can be used to prepare potentially bifunctional materials. In this respect, we describe several molecules with groups capable of binding magnetic metal ions to combine electrical conductivity and magnetism into the material, and molecules with thiophene or pyrrole groups to introduce the possibility of electropolymerisation to provide a material with two conducting pathways. Many further molecules can be expected to be built from the BEDT-TTF derivatives described.
DISCUSSION

Hydroxy derivatives
The reaction of 1,3-dithiole-2,4,5-trithione 1 with alkenes to give bicyclic thiones was initially reported by Nielands, though the yields are variable [8] . We have found that the choice of solvent is important in the optimization of yields. Trithione 1 is readily prepared in two steps from carbon disulfide, and reacts with allyl acetate to give the thione 2 in 67% yield. The elaboration of this JOURNAL DE PHYSIQUE IV 488 material into a monosubstituted BEDT-TTF derivative follows a general pathway which is used in syntheses described subsequently. Thus, exchange of thione sulfur for oxygen using mercuric acetate in chloroform and acetic acid at room temperature yields the oxo compound 3, which is then cross coupled with the unsubstituted thione 4 using triethyl phosphite at 90 o C to give a mixture of unfunctionalised BEDT-TTF, monofunctionalised BEDT-TTF 5 and a mixture of stereoisomers of difuntionalised BEDT-TTF, the latter arising from reaction between two molecules of 3. The use of a 2:1 ratio of 3 to 4 favours the production of the monosubstituted product 5 (55 %), and this is deprotected to hydroxymethyl-ET, HMET, 6 in 61% yield using an aqueous 2M HCl /THF mixture. This four step synthesis from 1 constitutes a more efficient approach to this molecule than previously described by us.
In a similar way, hydroxyethyl-ET, HEET, 9, can also be prepared. Thus, cycloaddition of trithione 1 with but-3-en-1-ol gives the thione 7 in 86 % yield. It is necessary to protect the hydroxy group as an acetate using acetic anhydride and pyridine to give 8 before proceeding to the sulfur/oxygen exchange and coupling steps which have satisfactory yields of 68% and 62%. Finally, deprotection with HCl/THF provides HEET 9 in 51% yield. Both HMET and HEET can be readily derivatised further by ester formation with their hydroxy groups. Thus using HEET, the electropolymerisable thiophene grouping has been attached to give compound 10 and pyridine groups for binding to metal ions have been installed to give 11.
An alternative approach to building in a metal binding group starts with the thione 12, which is available by cycloaddition of trithione 1 with allyl alcohol. Tosylation of the alcohol renders it vulnerable to substitution by nucleophiles such a heterocyclic thiolates, thus, for example the 2,2'-bipyridine-6-thiolate 13 reacts to give the thione 14 which can be elaborated into the monosubstituted ISCOM 2003 489 BEDT-TTF derivative 15 by standard procedures; the method has been applied to make other systems such as 16 [9] .
Amino derivatives
AMET, 20, is the first amino substituted derivative of BEDT-TTF to be reported. Cycloaddition of the trithione 1 with N-Boc-allylamine gave the thione 17 in 67% yield. Sulfur/oxygen exchange and subsequent coupling with 4 gave the monosubstituted-BEDT-TTF 18 which was deprotected by treatment with trifluoroacetic acid to yield 19, the trifluoroacetate salt of AMET, from which AMET is generated when required. The amino group shows most of the expected reactions, thus it can be converted to a pyrrole 21 by treatment with 2,5-dimethoxytetrahydrofuran, and a thiophene group can be attached via an amide link, as in 22 . Interestingly, 20 does not yield the expected products with acid chlorides and sulfonyl chlorides, though amides can be prepared from the carboxylic acid and tosyl chloride.
Carbonyl derivatives
The installation of a carbonyl group directly attached to the BEDT-TTF framework has so far been prevented by difficulties at the coupling stage of the synthesis, however, the donor 26 with a methylene group separating the carbonyl and donor systems can be accessed in both racemic and enantiopure forms. Thus, the dithiolate 24 is reacted with the enantiopure cyclic sulfate ester 23 (or racemic methyl 3,4-dibromobutanoate) to give the thione 25 which can then be converted by standard means into the corresponding donors. Although, in principle further manipulations can be made on the ester group, we have found it more practical to do this at an earlier stage, e.g. in syntheses of amide bearing donors 29 and 30. Thus, a range of amide derivatives are made from the carboxylic acid group of the thione 27 by mixed anhydride methodology, and then the final donors constructed using mercuric acetate and then 4 and triethyl phosphite. Again this gives the opportunity to attach further molecular functionality as in amide 30 which has a metal binding group.
Polyfunctional BEDT-TTF derivatives
Homocoupling of either a trans symmetrically disubstituted oxo compound e.g 31 or the corresponding racemic cis disubstituted oxo compound e.g. 32 will give mixtures of stereoisomers. Only the homo-coupling of an enantiopure trans compound will give one product. Nevertheless, cross coupling of cis and racemic trans oxo compounds does give a single racemic cross coupled product. By use of different protecting groups for the cis and trans compounds, we have been able to prepare the cis/trans BEDT-TTF tetrol 33 and separate it from homocoupled products.
